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THE  PURIFICATION  AND  STUDY  OF  THE  PHYSICAL  CHEMICAL  PKOPEKT1KS  OF 

CERIUM  SALTS. 

I 

Purpose  and  Outline  of  the  investigation. 

The  work  described  in  this  article  is  expected  to  be  the  first  of  a  series 
of  articles  concerned  with  the  study  of  the  physical  chemical  properties  of 
the  rare  earth  salts.    A  great  many  investigators  have  spent  much  time  in  de- 
veloping methods  of  purifying  these  very  closely  related  substances,  cut  owing 
to  the  difficulty  of  obtaining  the  pure  salts,  little  work  has  been  done  con- 
cerning their  physical  properties.    As  a  starting  point  for  this  study  the  ceri- 
um salts  have  been  selected  owing  to  the  fact  that  their  purification,  although 
a  difficult  matter  v/hen  compared  to  that  of  most  inorganic  compounds,  is  never- 
theless comparatively  simple  when  the  other  rare  earths  are  considered.  The 
greater  ease  of  purification  of  cerium  salts  is  due  to  the  fact  that  cerium  is 
the  only  salt  of  the  rare  earth  salts  which  may  be  easi  ly  oxidized  to  the  tetra- 
valent  condition,  and  that  in  this  condition  it  shows  distinctive  properties 
from  the  ordinary  trivalent  salts  which  are  all  very  similar. 

Only  two  men  have  made  conductivity  measurements  with  cerium  salts.  Ar- 
thur  Aufrecht,  Berlin,  has  made  measurements  of  the  chlorides  and  sulphates  of 
cerium,  praseodymium,  neodymiuin,  samarium,  and  lanthanum.    His  main  attention, 
however,  was  devoted  to  the  study  of  absorption  spectra,  and  his  conductivity 
measurements  are  very  crude.    He  claims  a  constancy  of  only  two-tenths  of  a  de- 
gree centigrade  in  the  temperature  of  his  thermostat,  and  says  nothing  about  the 
purification  of  his  material.    Furthermore,  he  did  not  obtain  the  infinity  val- 
ues for  any  of  his  results.    For  this  reason  Aufrecht *s  data  were  treated  by 
th6  method  of  A.  A.  Noyes  to  obtain  the  conductivity  of  the  salts  at  infinite 
dilution.    This  method  consists  in  ext erpolating  the  straight  line  obtained  by 

A.  Aufrecht  -  Dissertation,  Univ.  of  Berlin  (1904). 


plotting  values  of  the  reciprocal  of  the  equivalent  conductance  (~T  )  at  var- 
ious concentrations  against  the  product  of  the  equivalent  conductance  and  the 
corresponding  concentration  (Ac    )  multiplied  by  a  proper  exponent.  The 
straight  line  obtained  in  this  manner  cuts  the  "Y"  axis  at  a  point  which  gives 
the  value  for  the  reciprocal  of  the  equivalnet  conductance  at  infinite  dilution, 
if  "k  corresponds  to  "Y",  and  (  A  c  J*1"1  corresponds  to  "X."    The  following  deri- 
vation willjnake  the  preceding  discussion  plain. 
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In  the  derivation  given  above  (A )  equals  the  equivalent  conductance  in  mhos. 
(y  )   equals  the  degree  of  dissociation. 

(^c^equals  the  equivalent  conductance  at  infinite  dilution,  and  (C)  equals  the 
concentration  in  equivalents  per  liter. 

By  using  various  exponents  for  (Ac)    the  data  on  the  chlorides  of  ceri- 
um, neodymium  and  praseodymium  were  recalculated.    Exponents  of  three  tenths 
(.3),  four  tenths  (.4),  five  tenths  (.5),  six  tenths  (.6),  forty-two  hundredths 
(.42),  and  thirty-six  hundredths  (.36)  were  tried,  and  the  latter  was  found  to 
give  the  best  straight  in  each  case.    The  cerium  sulphate  infinity  value  was  thai 
determined  by  a  similar  exterpolation  in  order  to  compare  the  mobility  of  the 


cerium  lonin  the  chloride  and  sulphate.    In  this  case  also  the  exponent  to 
give  the  best  straight  line  was  found  to  be  about  thirty-six  hundredths  (.36), 
The  reciprocal  infinity  value  of  the  chloride  was  found  to  be  0.00647  mhos, 
giving  a  value  for  the  infinity  value  (    A  <*  )  0f  154.6  mhos,    since  the  mo- 
bility of  the  chloride  ion  at  25°  centigrade  at  infinite  dilution  (         )  is 
75.5  mhos,  the  equivalent  conductance  at  infinite  dilution  of  a  solution  con- 
taining one  equivalent  of  cerium  ion  (  C?**")  is  79.1  mhos.    The  infinity  val- 
ues for  praseodymium  and  neodymium  chlorides  were  found  to  be  practically  the 
same  as  the  cerium  chloride  infinity  value,  although  the  measurements  were  ap- 
parently not  of  great  accuracy  in  any  case,  as  the  plotted  points  did  not  lie  on 
a  good  straight  line.    The  cerium  sulphate  gave  a  much  higher  infinity  value 
(    A  ©o )  which  was  doubtless  in  error  as  it  amounted  to  298.    Subtracting  79 
for  the  equivalent  conductance  of  the  (Sa",  ion  leaves  219  for  the  equivalent 
conductance  of  a  solution  containing  one  equivalent  of  cerium  ion  (Ce  ). 

A  further  reason  for  doubting  the  reliability  of  Aufrecht 's  measurements 
with  cerium  sulphate  is  that  his  measurements  of  lanthanum  sulphate  differ  by 
at  least  ten  per  cent  from  the  measurements  of  the  same  salt  by  Noyes  and  John- 
ston.    It  is  thus  evident  that  Aufrecht's  data  are  not  reliable.    The  conductiv- 
ity of  cerium  acetate  solutions  has  been  measured  by  Ley^ 

II 

Purification  of  the  Material. 

The  first  part  of  our  problem  was  to  obtain  the  pure  salts  of  cerium. 

Although  these  salts  are  the  easiest  of  any  rare  earth  salts  to  obtain  in  a 

pure  condition,  this  task  nevertheless  proved  one  of  considerable  difficulty. 

The  purification  may  be  divided  into  two  parts,  first,  the  separation  of  the 

cerium  from  the  other  rare  earths,  and,  second,  the  elimination  of  the  reagents 

used  in  the  first  part  of  the  process.    The  best  methods  of  separating  cerium 
*  Journal  Am.  Chem.  Soc.  31,996  (1909). 
°Zt.  fur  Physicalische  Chemie  30,  193 
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from  the  other  rar«  earths  depend  upon  oxidizing  the  cerium  to  the  tetravalent 
condition  in  which  state  its  properties  are  different  than  those  of  the  ordi- 
nary trivalent  metals,    -petravalent  cerium  salts  are  very  easily  hydrolysod  , 
and  can  be  readily  and  nearly  completely  precipitated  by  boiling  the  neutral  or 
faintly  acid  solution  with  water.    The  other  trivalent  salts  are  not  precipita- 
ted by  this  treatment  when  present  alone,  but  may  be  dragged  down  a  little  by 
the  cerium  precipitate  so  that  a  repetition  of  the  process  is  necessary,  very 
many  different  methods  of  accomplishing  this  separation  are  described  in  the 
literature,  and  it  is  a  difficult  matter  to  decide  which  is  best,  because  in 
nearly  every  case  the  author  makes  large  claims  for  his  own  method  and  severe 
criticisms  of  others.    The  large  number  of  methods  described  is  in  itself  an  in 
dication  that  none  are  entirely  satisfactory.    We  have  therefore  tried  five  of 
the  methods  which  appeared  to  be  most  promising. 

The  raw  material  used  as  a  starting  point  in  the  purification  of  the  ceri- 
um salts  was  obtained  from  the  Welsbach  Company  of  Gloucester,  New  Jersey.  The 
original  source  of  the  material  was  monazite  sand  which  is  an  orthophosphate 
of  the  cerite  earths  (ce,  Nd,  PrJPo^   ,  containing  also  varying  amounts  of  tho- 
rium up  to  eighteen  per  cent  of  the  dioxide.    The  thorium  was  removed  by  the 
Welsbach  Company  ,  and  the  material  as  received  from  this  firm  was  in  the  form 
of  a  double  salt  of  cerous  sodium  sulphate.    This  double  salt  was  decomposed 
with  crude  alkali  in  porcelain  lined  dish  pans,  and  the  hydroxide  formed  was 
washed  with  water  and  dissolved  in  nitric  acid.    The  excess  acid  was  neutral- 
ized with  sodium  hydroxide.    Solid  zinc  oxide  and  enough  potassium  permanganate 
to  give  a  permanent  pink  color  were  then  added.    A  precipitate  of  eerie  hydrox- 
ide was  obtained  in  this  manner,  but  with  it  was  mixed  manganese  dioxide,  zinc 
oxide,  some  rare  earths,  principally  of  the  cerium  group,  and  silica  from  the 
porcelain  lined  dish  pans.    This  treatment  accomplished  a  rough  separation  of 
the  cerium  from  the  other  rare  earths,  but  the  purification  was  far  from  com- 
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plcte,  especially  because  the  conditions  of  precipitation  were  so  chosen  as  to 
throw  out  the  cerium  completely  from  solution  and  leave  a  mother  liquor  free 
from  cerium  but  containing  the  other  rare  earth  metals.    Under  these  conditions 
(i.e.  excess  of  both  zinc  oxide  and  potassium  permanganate)  the  precipitate 
contains  considerable  quantities  of  other  rare  earth  materials. 

This  preliminary  treatment  was  carried  out  by  Professor  C.  W.  Balke  and 
his  students,  to  whom  I  wish  to  express  ray  thanks  for  giving  me  this  material. 

The  problem  of  further  purification  thus  presented  was  essentially  the 
separation  of  the  cerium  salts  from  the  other  rare  earths  presert  which,  as 
has  been  mentioned,  were  probably  chiefly  lanthanum,  praseodymium,  neodymium, 
and  samarium,  with  traces  of  the  yttrium  group,    two  preliminary  methods  of  at- 
tack were  tried.    The  first  consisted  in  dissolving  the  raw  material  in  hydro- 
chloric acid,  while  the  second  and  later  method  consisted  in  dissolving  the 
cerine  hydroxide  of  the  raw  material  in  nitric  acid. 

A  small  portion  of  the  yellowish  brown  raw  material  was  found  to  be  almost 
completely  soluble  in  hydrochloric  acid  with  considerable  evolution  of  chlor- 
ine gas.    The  solution  was  filtered  and  the  residue  was  tested  for  silica  with 
a  few  drops  of  sulphuric  acid  and  a  few  cubic  centimeters  of  hydrofluoric  acid. 
As  most  of  the  residue  then  volatilized  u;.on  heating,  we  concluded  that  it  was 
silica.    Another  part  of  the  solution  was  filtered,  treated  with  sulphuric  acid, 
and  evaporated  almost  to  dryness  to  expel  any  excess  acid.    The  cerite  group 
was  then  precipitated  as  the  double  sodium  sulphate  by  adding  a  concentrated  so- 
dium sulphate  solution  to  both  the  hydrochloric  acid  solution  and  the  more  neu- 
tral sulphate  solution.    This  is  a  rough  method  of  separating  the  cerite  and 
yttrium  groups.    A  heavy  white  precipitate  was  formed,  and  the  precipitation 
seemed  to  be  more  complete  in  the  more  neutral  solution. 

The  filtrate  was  tested  for  cerium  by  neutralizing  most  of  the  excess  acid  with 
ammonium  hydroxide  and  then  adding  oxalic  acid  to  the  slightly  acid  solution. 


A  alight  whit©  precipitate  indicated  that  a  small  amount  of  cerium  was  present 
in  the  filtrate.    The  double  cerium  sodium  sulphate  v/as  now  decomposed  by  boil- 
ing with  a  concentrated  sodium  hydroxide  solution,  and  the  resulting  mixture  of 
serous    and  eerie*  hydroxides  (the  latter  resulting  from  the  oxidation  of  the 
cerous  hydroxide  in  the  air)  v/as  dissolved  in  dilute  hydrochloric  acid. 

^a.(Soh  la'  Na*  +    6  Na  OH  =  2  Ce  (0H)3   +    4  Nat  S0¥ 

This  solution  was  divided  into  two  portions  and  the  cerium  in  one  portion  was 
thrown  down  as  the  hydroxide  with  ammonium  hydroxide,  while  that  in  the  other 
portion  was  precipitated  as  the  oxalate  after  the  solution  was  made  almost 
neutral  with  ammonium  hydroxide.    The  filtrates  v/ere  tested  for  manganese,  and 
considerable  was  found  in  each  case. 

The  method  of  solution  in  hydrochloric  acid  and  precipitation  as  the  double 
cerous  sodium  sulphate  was  now  commenced  on  a  large  scale.    "Eleven  hundred 
and  fifty  cubic  centimeters  of  concentrated  hydrochloric  acid  were  placed  in 
a  four  litar  flask,  and  one  liter  of  water  was  added.    After  heating  the  acid 
almost  to  boiling,  five  hundred  grams  of  the  raw  material  were  added.  The 
chlorine  gas  evolved  was  expelled  by  boiling  the  solution  and  absorbing  the  gas 
in  a  concentrated  sodium  hydroxide  solution,    a3  the  solution  v/as  then  found 
to  be  quit9  acid,  two  hundred  grams  aore  of  the  raw  material  were  added  in  or- 
der to  reduce  the  acidity.    In  this  manner  a  total  of  five  and  one-half  kilo- 
grams of  raw  material  was  treated  with  eight  liters  of  hydrochloric  acid  of 
specific  gravity  X«I9.    The  silicious  residue  was  filtered  off  with  consider- 
able difficulty,  owing  to  the  clogging  of  the  filter.    The  solution  from  about 
three  kilograms  of  raw  material  was  treated  with  three  kilograms  of  commercial 
sodium  sulphate.     A  heavy  white  precipitate  of  the  double  cerium  sulphate  was 
formed.    After  the  latter  had  settled,  the  supernatant  liquor  v/as  tested  and 
considerable  cerium  v/as  found  to  be  still  unprecipitated.    A  saturated  solution 
of  Glauber's  salts  was  then  prepared  and  added  to  the  cerium  chloride  solution, 
forming  a  further  heavy  precipitate  of  the  double  sodiun  sulphate.    About  seven 


kilograms  of  sodium  sulphate  were  used.    The  supernatant  liquor  was  siphoned 
off,  and  the  precipitate  was  washed  with  water. 

The  filtrate  from  the  doubl9  sulphate  precipitation  was  treated  with  ox- 
alic acid.    Only  a  small  amount  of  precipitate  was  formed,  probably  mostly 
cerous  oxalate  with  traces  of  the  other  rare  earth  oxalates,  especially  of  the 
yttrium  group  since  these  metals  are  not  thrown  down  as  the  double  sulphate. 
This  precipitate  was  dissolved  in  concentrated  nitric  acid,  diluted  with  water 
and  observed  in  the  spectroscope.    Absorption  bands  were  present  between  the 
red  and  yellow  in  the  spectrum,  and  also  in  the  green.    A  comparative  test  was 
then  made  with  some  material  consisting  principally  of  yttrium  and  erbium.  The 
absorption  spectrum  showed  about  ten  lines,  six  being  very  prominent,  and  two 
being  identical  with  the  bands  first  observed. 

A  small  portion  of  the  double  sulphate  precipitate  was  decomposed  with  so- 
dium hydroxide,  and  the  cerous  hydroxide  was  washed  a  number  of  times  with  wa- 
ter.   The  change  in  color  of  the  hydroxide  from  white  to  a  yellowish  brown 
shov/ed  that  it  was  partially  oxidized  by  the  air.    A  portion  of  this  hydroxide 
precipitate  was  dissolved  in  nitric  acid,  and  the  red  solution  evaporated  to  a 
syrupy  consistency  and  poured  into  boiling  water.    A  darlc  brown  basic  eerie  ni- 
trate  precipitate  was  formed.    This  is  Brauner's  method  of  oxidizing  cerous 
salts,  and  hydrolysing  the  tetravalent  eerie  salts.    The  precipitation  of  the 
cerium  v/as  found  to  be  far  from  complete.    A  test  was  now  made  for  thorium  by 
adding  a  few  drops  of  a  thirty  per  cent  hydrogen  peroxide  solution  to  a  faintly 
acid  solution  of  the  cerous  nitrate  and  heating  to  between  sixty  and  seventy  de- 
grees.   This  test  depends  upon  the  fact  that  thorium  dioxide  is  precipitated 
by  hydrogen  peroxide  in  a  slightly  acid  solution,  while  eerie  hydroxide  does 
not  come  down  unless  the  solution  is  alkaline.    No  thorium  was  found  to  be  pres- 
ent. 

The  filtrate  from  the  above  "Brauner"  precipitation  was  observed  in  the 
Abeggs  Handbuch  der  Amorganischen  Chemie. 
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a pectroscope  and  prominent  absorption  bands  were  found  between  the  red  and  yel- 
low and  in  the  green  of  the  spectrum.    These  bands  were  identified  as  oeing 
characteristic  of  neodymium  and  praseodymium.    Cerium  salts  give  no  absorption 
spectra,  and  therefore  the  presence  of  absorption  bands  is  evidence  of  the  pres- 
ence of  other  rare  earth  salts. 

The  decomposition  of  the  double  cerous  sodium  sulphate  was  now  commenced 
on  a  large  scale.    Portions  were  boiled  with  sodium  hydroxide  in  copper  beakers, 
and  the  cerous  hydroxide  was  washed  by  decantation,  filtered,  and  then  dis- 
solved in  concentrated  nitric  acid.    The  fact  that  the  solution  was  red  indica- 
ted that  at  least  part  of  the  cerium  was  present  in  the  tetravalent  condition 
as  caric  nitrate,  but  after  filtering  the  solution  thru  paper  and  allowing  to 
stand  it  became  colorless,  indicating  that  it  was  reduced  to  the  trivalent  con- 
dition.   During  this  reduction  ozone  was  given  off  in  appreciable  amount.  Ow- 
ing to  the  reduction  of  the  eerie  nitrate  solution,  the  "Brauner"  method  was 
abandoned,  and  a  method  given  by  James  was  tried.    A  portion  of  the  cerous  ni- 
trate solution  was  heated  to  boiling  and  potassium  bromate  was  added.    When  bro- 
mine fumes  started  to  come  off,  lumps  of  marble  were  added  to  maintain  a  slight- 
ly acid  or  neutral  solution.    The  result  was  unsatisfactory  as  only  a  partial 
precipitation  of  a  light  brown  basic  eerie  nitrate  and  bromate  was  obtained, 
and  furthermore  the  fact  that  bromine  was  evolved  made  it  very  disagreeable. 

Another  small  portion  of  cerous  nitrate  solution  was  treated  with  concen- 
trated nitric  acid  and  potassium  bromate  in  an  effort  to  oxidize  the  cerium  to 
the  tetravalent  condition.  After  boiling,  the  solution  waspoured  into  hot  wa- 
ter and  a  white  precipitate,  probably  a  basic  eerie  bromate,  was  formed.  The 
filtrate  was  pink.  The  precipitate  was  not  very  soluble  in  hydrochloric  acid, 
but  was  reduced  with  potassium  iodide,  iodine  being  liberated  and  a  solution  of 

*Jour.  Am.  Chem.  Soc.    30,  979. 
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cerous  chloride  resulting.     A  similar  large  scale  operation  proved  a  failure. 

Another  small  portion  of  cerous  nitrate  solution  was  now  evaporated  to  a 
syrupy  condition,  and  nitric  acid  and  potassium  bromate  were  added  until  the 
cerous  nitrate  was  oxidized  to  deep  brownish  red  colored  ccric  nitrate.  This 
solution  was  poured  into  boiling  water  but  a  precipitate  did  not  come  down  until 
more  potassium  bromate  was  added,  whereupon  a  light  brown  precipitate  settled 
out.    This  precipitate  was  filtered,  washed  with  a  five  per  cent  ammonium  ni- 
trate solution  to  prevent  it  from  running  thru  the  filter  in  a  colloidal  con- 
dition, and  dissolved  in  hydrochloric  acid  with  the  addition  of  hydrogen  per- 
oxide.   The  rare  earths  in  both  the  filtrate  and  the  precipitate  solution  were 
thrown  down  as  oxalates  and  ignited  to  oxides  in  platinum  crucibles.    The  fil- 
trate exide  was  of  a  dark  brown  color  and  weighed  about  two  grams,  while  that 
from  the  precipitate  was  of  a  yellowish  tinge  and  weighed  about  one  and  one- 
half  grams.    Each  oxide  was  dissolved  in  hydrochloric  acid  with  the  addition 
of  potassium  iodide  as  a  reducing  agent.    The  excess  iodine  was  boiled  off 
and  each  solution  was  made  up  to  one  hundred  cubic  centimeters.    These  solu- 
tions were  then  observed  in  the  spectroscope,  and  two  neodymiura  lines  were 
found  to  be  very  plain  in  the  filtrate  spectrum  but  absent  in  the  precipitate 
spectrum.    A  similar  operation  on  a  larger  scale  yielded  only  a  colloidal  pre- 
cipitate which  could  not  be  handled  successfully.    A  small  scale  operation  dif  - 

was  successful 

fering  from  the  above  only  in  the  addition  of  ammonium  nitrate^when  from  one 
hundred  to  two  hundred  cubic  centimeters  of  water  were  used,  but  failed  on  a 
large  scale  when  two  liters  were  used. 

The  James'  method  was  now  tried  again.  Owing  to  the  quantity  of  acid 
liberated  by  the  hydrolysis  of  the  eerie  nitrate,  a  considerable  amount  of 
limestone  was  required  to  maintain  the  neutrality  of  the  solution.  For  this 
reason  the  cerous  nitrate  solution  was  neautralized  almost  completely  with 
sodium  hydroxide  solution,  and  then  boiled  with  large  pieces  of  limestone. 
Pota33ium  bromate  was  added  in  small  quant  it.  it  es  at  intervals,  and  the  solu- 


-lo- 
tion was  boiled  for  about  three  hours.    The  yellow  precipitate  obtained  was 
washed  with  a  five  per  cent  ammonium  nitrate  solution  and  dried  at  one  hundred 
and  five  degrees*    After  repeating  this  operation  until  cerium  no  longer  came 
down  upon  the  addition  of  potassium  bromate,  the  mother  liquor  was  tested  with 
oxalic  acid.     A  considerable  precipitation  of  rare  earth  oxalates  occurred, 
showing  that  much  of  the  cerium  was  still  in  solution.    It  was  now  concluded 
that  neither  the  James*  method  nor  the  combination  of  double  sulphate  and  basic 
eerie  nitrate  methods  had  proved  satisfactory,  and  further  work  consisted  in 
preliminary  treatment  of  the  raw  material  with  nitric  instead  of  hydrochloric 
acid. 

The  main  reason  for  the  preliminary  treatment  with  hydrochloric  acid  was 
the  fact  that  the  raw  material  v/as  almost  completely  soluble  in  this  acid. 
When  nitric  acid  was  used  as  a  solvent,  the  manganese  dioxide  remained  undis- 
solved, but  this  was  an  advantage  as  the  salts  of  manganese  did  not  have  to  be 
removed  later.    It  was  also  apparent  at  this  stage  that  a  round  about  method  of 
attack  had  been  attempted  when  the  insoluble  double  cerous  sodium  sulphate  pre- 
cipitate had  been  used  as  an  intermediate  step.    The  basic  principle  of  the  pu- 
rification is  to  keep  the  cerium  salts  in  the  oxidized  tetravalent  condition 
and  by  using  hydrochloric  acid  as  the  original  solvent  this  principle  was  vio- 
lated, because  the  eerie  chloride  is  unstable  and  reduction  to  cerous  chloride 
at  once  occurred.    It  was  thus  necessary  to  reoxidize  the  cerous  nitrate  solu- 
tion obtained  by  dissolving  the  cerous  hydroxide  from  the  double  cerium  sodium 
sulphate  decomposition. 

By  using  nitric  acid  as  the  original  solvent,  this  preliminary  reduction 
v/as  avoided  and  a  eerie  nitrate  solution  was  immediately  obtained  from  the  ee- 
rie hydroxide  of  the  raw  material.    The  work  as  continued  consisted  as  before 
of  small  scale  preliminary  experiments  followed  by  the  large  scale  operations. 

Some  of  the  original  raw  material  was  treated  with  concentrated  nitric 
acid,  and  the  solution  was  filtered  thru  glass  wool.    This  filtration  was 
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unsatisf actory ,  and  filtration  thru  a  layer  of  asbestos  on  a  Buchnor  funnel 
was  then  tried    with  better  success.    The  filtrate  was  of  a  deep  reddish  brown 
color,  and  a  pasty  chocolate  colored  residue  remained  upon  the  filter.  This 
filtrate  was  poured  into  about  two  liters  of  boiling  water  and  a  brownish  yel- 
low basic  eerie  nitrate  formed  immediately.    After  boiling  for  about  five  min- 
utes a  considerable  precipitate  had  settled  out,  and  it  was  filtered  off  and 
washed  with  the  five  per  cent  ammonium  nitrate  solution.    This  operation  was 
then  repeated  with  an  increased  amount  of  water,  and  with  the  addition  of  am- 
monium nitrate  to  the  latter.    The  precipitate  in  this  case  seemed  to  be  somewhsfc 
heavier. 

The  cerium  in  the  filtrate  from  the  James'  method  was  now  treated  by  the 
method  of  Stolba  and  Droszbach.    Magnesium  oxide  v/as  used  to  neutralize  the 
excesa  acid,  and  the  cerium  was  then  thrown  down  as  eerie  hydroxide  by  adding 
potassium  permanganate  as  an  oxidizing  agent.    The  dark  brown  precipitate  was 
rsdissolved  in  nitric  acid,  and  the  basic  nitrate  precipitation  was  carried  out 
in  the  usual  manner.    The  filtrate  from  the  permanganate  precipitation  was  test- 
ed for  cerium  by  reducing  the  potassium  permanganate  to  manganese  dioxide  with 
alcohol,  filtering,  and  adding  ammonium  hydroxide  and  hydrogen  peroxide.  A 
faint  yellow  precipitate  was  obtained,  indicating  that  only  a  small  amount  of 
cerium  v/as  not  precipitated  by  this  method. 

The  filtrates  from  the  various  basic  nitrate  precipitations  were  collect- 
ed in  a  large  bottle,  until  about  fifteen  liters  were  on  hand.    In  order  to 
recover  most  of  the  cerium  from  this  basic  nitrate  filtrate  and  still  keep 
most  of  the  other  rare  earths  in  solution  by  maintaining  a  slightly  acid  con- 
dition, preliminary  titrations  were  made  of  an  aliquot  portion  of  this  solution 
with  magnesium  oxide  and  a  five  per  cent  potassium  permanganate  solution.  An 

excess  of  magnesium  oxide  was  first  added  to  the  solution  and  the  amount  of 
potassium  permanganate  necessary  to  give  a  faint  pink  color  was  determined. 

*  Abeggs  *  Handbuch  der  Anoaj&nischen  Chemie. 
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With  the  same  amount  of  potassium  permanganate  and  excess  of  the  solution,  the 
quantity  of  magnesium  oxide  necessary  to  decolorize  the  solution  was  then  de- 
termined.   The  results  of  the  titrations  were  as  follows: 
5  c.c  K  Mn  0    z:  143.5  c.  c  cerium  solution  with  excess  UgO 
5  c.c  K  Mn  0^0-^^145      c.  c  cerium  solution  =3  gr.  MgO 

The  quantity  of  magnesium  oxide  added  to  the  entire  solution  was  less  than  the 
amount  calculated  for  complete  precipitation  of  the  eerie  hydroxide,  in  order 
to  keep  other  rare  earths  in  solution.    The  filtrate  from  the  permanganate  pre- 
cipitation was  found  to  contain  a  considerable  quantity  of  the  other  rare  earths 
and  these  were  precipitated  as  oxalates  with  oxalic  acid.    The  precipitated 
eerie  hydroxide  was  washed  with  water  and  then  treated  exactly  as  was  the  orig- 
inal material.    In  one  case,  owing  to  the  fact  that  too  great  an  excess  of  ni- 
tric acid  was  present,  the  basic  nitrate  precipitate  failed  to  come  down  when 
the  eerie  nitrate  solution  was  poured  into  boiling  v/ater.    Sodium  acetate  was 
then  added  in  order  to  reduce  the  acidity  of  the  solution  thru  the  formation  of 
slightly  ionized  acetic  acid.    A  precipitate  was  now  obtained,  but  owing  to 
foaming  and  the  colloidal  condition  of  the  precipitate,  it  was  found  impossible 
to  filter  it  successfully. 

By  repetition  of  the  basic  nitrate  and  permanganate  precipitations,  about 
four  hundred  and  fifteen  grams  of  basic  eerie  nitrate  was  obtained.    The  ma- 
terial from  the  James*  method  amounted  to  about  two  hundred  grams.    In  order  to 
test  the  progress  of  the  separation,  the  oxalates  of  the  various  precipitates 
and  filtrates  were  ignited  to  the  dioxide,  and  the  colors  of  the  latter  were 
compared.    The  dioxide  when  pure  and  free  from  neodymium  and  praseodymium  is 
almost  white  with  only  a  faint  yellow  color,    ^ven  small  amounts  of  neodymium 

and  praseodymium  cause  the  dioxide  to  become  flesh  colored  or  brown,  such 

Y 

tests  were  made  on  the  James'  material,  the  basic  nitrate  material,  the  precip- 
itate obtained  by  the  permanganate  method,  and  on  the  filtrate  from  the  perman- 
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ganato  precipitation.    The  results  were  gratifying,  showing  a  color  change 
from  dark  brown  in  the  permanganate  filtrate  to  light  yellow  in  the  basic  ni- 
trate material,  and  only  a  very  slight  pinkish  tinge  in  the  James'  material. 

The  problem  now  was  to  obtain  a  further  purification  of  this  rather  small 
amount  of  comparatively  pure  material.    Small  scale  experiments  were  tried  of 
the  Brauner  method,  consisting  of  solution  in  nitric  acid,  evaporation  to  a 
syrupy  consistency,  and  precipitation  in  boiling  water;  but,  owing  to  the  large 
loss  of  material,  this  method  was  abandoned. 

The  persulphate  method  of  Witt  and  Thiel  was  now  tried  on  a  small  scale. 
The  double  salt  of  cerous  ammonium  nitrate  (  C^(vi  o3)3"  -i  yiH¥  >ivs  Lf  iAx  o  )  was  ob- 
tained by  dissolving  a  portion  of  the  James'  material  in  nitric  acid,  neutral- 
izing the  excess  acid  with  ammonium  hydroxide,  precipitating  the  oxalate  with 
oxalic  acid,  decomposing  the  oxalate  with  potassium  hydroxide,  redissolving  the 
cerous  hydroxide  in  nitric  acid,  adding  a  concentrated  solution  of  ammonium  ni- 
trate to  the  clear  filtrate  and  concentrating  by  evaporation.    The  first  crop 
of  white  crystals  weighing  thirty  and  one-half  grams  was  dissolved  in  one  hun- 
dred cubic  centimeters  of  water  and  observed  in  the  spectroscope.    A  faint  band 
could  be  observed  between  the  yellow  and  red  of  the  spectrum.    Further  evapora- 
tion of  the  mother  liquor  gave  a  second  crop  of  crystals  weighing  about  twenty- 
eight  grams.    The  total  of  fifty-nine  grams  of  cerous  ammonium  nitrate  and  twelve 
grams  of  ammonium  persulphate  wer*  dissolved  in  five  hundred  and  twenty-six  cu- 
bic centimeters  of  hot  water  and  heated  to  boiling.    A  precipitate  commenced  to 
come  down,  and  the  acidity  of  the  solution  increased.    When  the  solution  became 
acid  to  congo  red,  powdered  calcium  carbonate  was  added  to  keep  it  acid  to  lit- 
mus but  alkaline  to  congo  red.    The  addition  of  calcium  carbonate  was  repeated 
until  the  solution  no  longer  became  acid  to  congo  red  upon  continued  boiling. 
The  precipitate  settled  readi  ly  and  was  of  a  grayish  color.    It  was  probably 

*  Berichte  33,  1315. 
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a  basic  eerie  sulphate  mixed  with  calcium  sulphate.    There  is  a  possibility 
of  traces  of  sulphates  of  other  rare  earths,  especially  lanthanum  and  praseodym- 
ium if  these  are  present  in  large  quantities.    The  filtrate  showed  only  a 
slight  trace  of  cerium.    The  precipitate  was  dissolved  in  nitric  acid  which  had 
been  boiled  to  expel  any  nitrous  acid.    The  clear  red  solution,  obtained  by 
filtering  thru  an  alundum    crucible,  was  added  to  a  concentrated  solution  of 
ammonium  nitrate,  and  boiled  until  crystallization  commenced.    A  crop  of  twenty- 
seven  grams  of  red  eerie  ammonium  nitrate  crystals  was  obtained.    By  dissolv- 
ing part  of  the  crystals,  and  igniting  to  oxide,  it  was  found  that  a  consider- 
able purification  had  been  effected. 

The  further  treatment  of  the  James'  material  v/as  now  commenced.    It  was 
dissolved  in  concentrated  nitric  acid,  filtered  thru  an  asbestos  mat,  and  the 
clear  red  eerie  nitrate  solution  was  combined  with  a  concentrated  ammonium  ni- 
trate solution  to  obtain  the  double  eerie  ammonium  nitrate  crystals  (ce 
(NO  3  )^  2  N  Hy.   N03).    These  crystals  were  centrifuged  in  platinum  crucibles, 
and  the  mother  liquor  v/as  evaporated  to  obtain  a  second  crop  of  crystals.  A 
total  of  about  five  hundred  grams  of  crystals  was  obtained  in  this  manner.  Ox- 
ide tests  were  made  of  both  crystals  and  mother  liquor.    The  oxide  of  the  moth- 
er liquor  was  dark  brown  in  color,  indicating  the  presence  of  neodymium  and 
praseodymium  &r.d  showing  a  considerable  purification,  ss  the  oxide  of  the  crys- 
tals was  of  a  faint  yellowish  tinge.    The  five  hundred  grams  of  eerie  ammonium 
nitrate  crystals  were  now  dissolved  in  four  liters  of  hot  water  with  eighty 
grams  of  ammonium  persulphate    and  the  basic  eerie  sulphate  precipitate  was  ob- 
tained in  the  usual  manner.    The  filtrate  showed  only  the  slightest  trace  of 
cerium.    The  precipitate  was  thoroughly  washed,  dissolved  in  concentrated  nitric 
acid  and  filtered.    The  double  eerie  ammonium  nitrate  crystals  were  again  ob- 
tained with  ammonium  nitrate.    Oxide  tests  of  both  precipitate  and  filtrate 
showed  a  vast  improvement  in  the  color  of  the  oxide  from  the  filtrate,  as  it 
_  *  Method  of  Welsbach  -  Monatsch.  F«  Ch.  5,508,  1884. 


was  only  slightly  pink,  whereas  formerly  it  had  b-  en  a  deep  brown;  while  the 
oxide  of  the  crystals  was  assuming  a  more  yellowish  white  color.    The  crystals 
were  recrystallized  from  a  nitric  acid  solution  of  one  hundred  parts  of  con- 
centrated nitric  acid  and  sixty-six  parts  of  v/ater,  and  centrifuged  as  usual. 
The  oxide  tests  of  mother  liquor  and  crystals  were  not  now  of  a  decided  differ- 
ence in  color.    The  cerium  in  the  mother  liquor  from  this  third  and  last  crys- 
tallization was  precipitated  with  ammonium  hydroxide  and  used  for  practice  in 
crystalli zing  cerous  chloride.    The  mother  liquor  from  the  second  crystalliza- 
tion was  also  treated  with  ammonium  hydroxide  to  throw  down  the  cerium,  and  the 
chloride  obtained  by  solution  of  the  precipitate  in  hydrochloric  acid  was  evap- 
orated to  obtain  crystals  of  cerous  chloride  (  s  '  7^/^  °  )•    A  few 
crystals  were  obtained  after  evaporation  almost  to  dryness. 

The  total  of  about  three  hundred  and  fifty  grams  of  eerie  ammonium  nitrate 
crystals  was  now  dissolved  as  completely  as  possible  in  about  two  liters  of 
water  acidified  with  hydrochloric  acid.    A  precipitate  of  cerium  hydroxide  was 
obtained  by  adding  redistilled  ammonia.    The  precipitate  was  allowed  to  settle 
and  the  supernatant  liquor  was  drained  off.    More  water  was  added  and  the  above 
treatment  repeated  several  times.    The  precipitate  was  then  filtered  and  washed 
thoroughly.    This  treatment  served  to  remove  a  large  share  of  the  calcium  which 
was  present,  but  owing  to  the  pasty  character  of  the  precipitate  it  was  diffi- 
cult to  wash  it  thoroughly.    The  precipitate  was  dissolved  in  redistilled  hy- 
drochloric acid  mtfr  with  the  addition  of  hydrogen  peroxide  as  a  reducing  agent. 
The  solution  was  evaporated  to  dryness  on  a  steam  bath  and  most  of  it  was  re- 
dissolved  in  v/ater.    A  portion,  however,  was  insoluble  and  was  thought  to  be 
an  oxychloride.    It  was  dissolved  only  by  digesting  repeatedly  with  hydrochlor- 
ic acid.    The  cerium  was  precipitated  as  the  hydroxide,  washed,  and  redissolved 
in  redistilled  hydrochloric  acid  with  the  addition  of  hydrogen  peroxide.  The 
solution  was  evaporated  until  crystals  formed.    As  these  crystals  did  not  seem 
to  possess  the  very  soluble  property  characteristic  of  chlorides  a  test  was 




made  on  the  mother  liquor  for  sulphates.    Barium  chloride  was  added  and  a  heavy 
precipitate  of  barium  sulphate  was  produced.    In  an  attempt  to  wash  out  the 
sulphates,  another  precipitation  was  made  with  ammonium  hydroxide,  and  the  ce- 
rium hydroxide  was  thoroughly  washed.    After  redissolving  the  precipitate  in 
hydrochloric  acid  with  the  aid  of  hydrogen  peroxide  a  distinct  test  for  sul- 
phates was  again  obtained.    It  was  therefore  decided  to  obtain  the  cerous  sul- 
phate instead  of  the  chloride  and  sulphuric  acid  was  added  to  the  solution. 
Upon  heating, a  crop  of  cerous  sulphate  crystals  separated  out.    Cerous  sulphate 
forms  many  hydrates  and  these  are  almost  insoluble  at  ordinary  temperatures. 
These  crystals  were  filtered  off  and  centrifuged,  and  the  mother  liquor  was 
evaporated  as  far  as  possible  cn  the  steam  bath  to  obtain  a  second  crop  of  crys- 
tals.   This  second  crop  of  crystals  was  also  centrifuged,  and  both  crops  were 
then  combined,  placed  in  a  platinum  dish,  and  dehydrated  in  an  electric  fur- 
nace at  about  three  hundred  and  sixty  degrees.    The  anhydrous  cerous  sulphate 
(  Ce  ^  (S0y  )3   )  is  soluble  in  water  at  zero  degrees.    After  dehydration,  the 
cerous  sulphate  was  therefore  dissolved  in  conductivity  water  which  had  been 
cooled  to  the  freezing  point.    The  slight  residue  was  filtered  off  and  the 
sulphate  was  recrystallized  by  heating  the  solution  almost  to  boi  ling.  This 
is  an  excellent  means  of  removing  any  ether  electrolytes  present,  as  most  sub- 
stances are  more  soluble  at  higher  temperatures.  This  dehydration  was  repeated, 
and  about  half  of  the  material  was  placed  in  a  platinum  dish  and  surrounded 
with  ice.    Conductivity  water  at  room  temperature  was  added,  and  a  pasty,  sticky 
mass,  probably  a  hydrate, was  obtained.    Upon  standing  over  night  the  substance 
became  crystalline  and  dissolved  almost  completely  in  ice  water.    Another  re- 
crystallization  was  made  by  heating  the  solution  to  boiling,  and  it  v/as  then 
concluded  that  this  salt  was  ready  for  some  conductivity  measurements. 

The  basic  eerie  nitrate  material  was  now  treated  in  a  way  similar  to  that 
in  which  the  games'  material  had  besn  treated.    It  was  dissolved  in  nitric  acid 
combined  with  ammonium  nitrate  to  give  the  double  eerie  ammonium  nitrate 
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crystals,  and  then  treated  by  the  persulphate  method  to  give  the  basic  eerie 
sulphate  precipitate.    This  precipitate  was  redissolved  in  nitric  acid  and  the 
solution  was  again  combined  with  a  concentrated  ammonium  nitrate  solution  to 
obtain  the  crystals  of  the  double  salt.    Two  crops  of  eerie  ammonium  nitrate 
were  obtained  from  this  second  crystallization,  the  first  weighing  about  six 
hundred  and  ninety  grams,  and  the  second  weighing  about  two  hundred  grams.  The 
usual  oxide  tests  were  made  and  the  improvement  in  the  color  of  the  best  crys- 
tals was  apparent.    The  mother  liquors  from  the  eerie  ammonium  nitrate  crystal- 
lizations of  basic  eerie  nitrate  material  were  combined,  and  evaporated  to  ob- 
tain a  crop  of  eerie  ammonium  nitrate  crystals. 

The  second  crop  of  crystals,  about  two  hundred  grams,  from  the  second  and 
final  crystallization  of  basic  nitrate  material  was  dissolved  as  far  as  possi- 
ble in  hydrochloric  acid.    Ammonium  hydroxide  was  then  added  to  precipitate  the 
cerium  as  the  hydroxide,  and  this  precipitate  was  washed  as  thoroughly  as  pos- 
sible.   The  filtrate  was  tested  for  calcium  by  adding  oxalic  acid  to  both  an 
acid  and  alkaline  solution.    A  precipitate  was  obtained  in  the  alkaline  solu- 
tion, but  not  in  the  slightly  acid  solution,  indicating  that  considerable  cal- 
cium had  been  washed  out  of  the  precipitate.    The  precipitate  was  now  dissolved 
in  hydrochloric  acid  and  evaporated  to  dryness.    A  little  water  was  then  added 
and  after  boiling,  the  white  residue,  supposedly  cerous  chloride,  was  filtered 
off.    However,  when  an  attempt  was  made  to  dissolve  the  residue  in  water  in  or- 
der to  make  a  spectroscopic  analysis  it  was  found  that  it  was  insoluble.  This 
residue  was  probably  a  basic  eerie  salt  as  it  was  found  that  most  of  it  dis- 
solved in  hydrochloric  acid  when  potassium  iodide  was  added,  iodine  being  given 
off.    In  an  attempt  to  get  the  entire  residue  into  solution  it  was  boiled  vig- 
orously and  while  undergoing  this  treatment  the  beaker  bumped  off  the  ring 
stand,  and  the  material  was  lost. 

The  first  crop  of  crystals  from  the  basic  nitrate  mother  liquors  was  treat- 
ed with  hydrochloric  acid,  hydrogen  peroxide,  and  potassium  iodide,  but  only 
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part  of  it  want  into  solution.    The  rt>aidue  was  filtered  off,  and  v/as  treated 
with  more  hydrochloric  acid  and  potassium  iodide  and  most  of  it  wunt  into  so- 
lution upon  continued  treatment  in  this  manner.    The  solution  v/as  boiled  to 
expel  the  free  iodine.    Upon  continued  boiling  and  addition  of  v/ater  a  resi- 
due v/as  obtained,  probably  a  cerous  ammonium  sulphate,  as  the  solution  gave  a 
decided  test  for  sulphates.    The  cerium  in  solution  was  therefore  thrown  down 
twice  as  the  hydroxide,  washed  thoroughly,  and  redissolved  each  time  in  hydro- 
chloric acid.     After  evaporating  to  dryness  on  a  steam  bath,  the  cerous  chlor- 
ide was  dissolved  in  water,  a  small  amount  of  insoluble  residue  was  filtered 
off,  and  a  forty  centimeter  tube  was  filled  with  the  solution  and  examined  with 
the  spectroscope.    No  absorption  bands  were  visible,  indicating  the  absence  of 
other  rare  earths.     As  the  material  tested  v/as  not  as  good  as  either  the  puri- 
fied James*  material  or  the  best  crystals  from  basic  nitrate  material,  it  v/as 
concluded  that  the  other  rare  earths  had  been  removed,  and  further  purification 
consisted  in  the  removal  of  electrolytes  introduced  in  removing  the  rare  earth 
impurities. 

The  six  hundred  and  ninety  grams  of  the  best  crystals  from  the  basic  eerie 
nitrate  material  was  therefore  dissolved  in  cold  water  acidified  with  hydro- 
chloric acid.    A  clear  solution,  which  was  found  to  be  free  from  sulphates  v/as 
obtained.    A  small  portion  of  the    solution  v/as  heated  and  a  precipitate  came 
down.    This  precipitate  v/as  redissolved  by  reducing  it  with  a  little  hydrogen 
peroxide,  and  v/as  then  returned  to  the  larger  part  of  the  solution.    A  small 
portion  of  this  solution  v/as  partially  reduced  by  placing  a  piece  of  platinized 
platinum  in  it.    Ozone  was  vigorously  evolved.    The  major  portion  of  the  solu- 
tion v/as  therefore  allowed  to  stand  over  night  in  contact  with  platinized  plat- 
inum.   It  was  partially  hydrolysed  the  next  morning.    The  entire  solution  and 
precipitate  was  then  reduced  by  adding  hydrogen  peroxide.    Redistilled  ammonium 
hydroxide  v/as  added  to  the  clear  solution,  and  the  resulting  precipitate  was 
thoroughly  washed  and  dissolved  in  redistilled  hydrochloric  acid  with  the  ad- 
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uition  of  hydrogen  peroxide.    The  precipitation  with  acirnonium  hydroxide,  wash- 
ing of  the  precipitate  and  solution  in  hydrochloric  acid  was  repeated  and  a 
test  was  made  for  calcium.    It  was  found  that  a  small  amount  was  still  ^resent 
in  the  filtrate,  and  it  therefore  was  decided  to  recrystallize  the  chloride 
several  times.    The  solution  was  concentrated  by  evaporation  in  a  platinum 
dish.    Owing  to  the  very  soluble  character  of  the  cerous  chloride,  about  two 
liters  of  solution  was  boiled  down  to  about  three  hundred  cubic  centimeters  be- 
fore crystallization  commenced.    Lack  of  time,  however,  prevented  the  continu- 
ation of  this  purification,  as  it  was  desired  to  make  conductivity  measurements 
of  the  cerous  sulphate  which  had  been  obtained. 

Ill 

Conduct ivity  Measurements. 
After  obtaining  the  oerous  sulphate  in  a  pure  condition,  preparation  was 
made  to  proceed  with  oonduot ivity  measurements  of  solutions  of  this  salt.  A 
number  of  Erlenmeyer  flasks  were  thoroughly  washed  with  conductivity  water  and 
were  then  steamed  out.    A  portion  of  the  cerous  sulphate  was  plaoed  in  a  plati- 
num orucible,  and  dehydrated  in  the  electrio  furnaoe  at  about  four  hundred  de- 
grees, until  the  weight  was  constant  within  a  few  milligrams.    With  the  aid  of 
ground  glass  stoppered  weighing  bottles  this  weight  could  be  obtained  in  the 
air  without  rapid  absorption  of  moisture  by  the  oerous  sulphate.    An  attempt 
was  then  made  to  dissolve  the  oerous  sulphate  by  adding  enough  conductivity 
water  to  make  an  approximately  half  normal  solution,  but  owing  to  the  fact  that 
a  small  amount  remained  undissolved,  it  was  found  neoessary  to  dehydrate  a  sec- 
ond portion  of  the  oerous  sulphate  at  a  lower  temperature.     This  time  the  de- 
hydration was  oommenoed  in  a  platinum  dish  so  as  to  give  a  greater  surfaoe  and 
thinner  layer  of  sulphate.    The  material  was  heated  for  almost  twenty-four  hours 
at  about  two  hundred  and  sixty  degrees,  and  part  of  it  was  then  plaoed  in  a 
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platinum  oruoible  as  before,  and  heated  to  oonstant  weight.    The  temperature  in 
the  eleotrio  furnaoe  was  not  allowed  to  go  higher  than  two  hundred  and  sixty 
degrees,  and  the  sulphate  was  now  found  to  be  very  nearly  completely  Roluble, 
as  the  solution  showed  only  a  very  feint  oloudiness.     The  solution  as  made  up 
was  approximately  half  normal.     Its  exaot  normality  was  calculated  from  the  dat 
obtained  by  weighing  both  the  water  and  the  oerous  sulphate,  and  then  determin- 
ing the  density  of  the  solution  with  a  pyonometer  of  the  Ostwald-SprSngel  type 
which  had  been  standardized  by  Mr.  Hartmann  with  pure  water  at  zero  degrees. 
Successive  dilutions  of  this  solution  were  then  made  to  obtain  the  weaker  solu- 
t  ions . 

Hydrolysis  measurements  of  the  approximately  half  normal,  one  hundredth 
normal,  and  one  thousandth  normal  solutions  were  kindly  made  by  Mr.  Bornmann, 
He  found  that  five  oubio  centimeters  of  0.000133  N  acetic  aoid  plus  eighteen 
oubio  centimeters  of  water  matohed  the  half  normal  solution  of  oerous  sulphate 
with  methyl  red  as  an    indioator.     The  hydrogen  ion  oonoentration  was  calculat- 
ed for  this  oase  and  also  for  the  more  dilute  solutions,  and  the  hydrolysis 
oorreotion  was  found  to  be  negligible  except  for  the  most  dilute  solutions. 

The  conductivity  measurements  of  the  various  solutions  were  made  at  both 

zero  degrees  and  twenty-five  degrees  in  pipette  cells  with  platinized  platinum 

electrodes.    The  temperature  of  the  thermostat  at  twenty-five  degrees  was  kept 

constant  within  two  hundredths  of  a  degree.    The  zero  degree  measurements  were 

made  with  the  use  of  a  Dewar  tube  filled  with  a  mixture  of  pure  ioe  and  pure 

water.    Four  different  oells,  whose  constants  (—  )  had  been  determined  bv  Mr. 

s 

Hartmann  with  standard  potassium  ohloride  solution,  were  used  in  the  oourse  of 
the  measurements.    The  first,  with  electrodes  about  seventy-five  millimeters 
apart,  was  used  for  concentrations  of  0.5  N  to  0.1  N.    The  seoond,  with  elec- 
trodes about  fifteen  millimeters  apart,  was  used  for  concentrations  of  0.05  N 


» 
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to  0.005  N.     The  third  oell  with  electrodes  about  two  millimeters  apart  wan 
used  for  the  more  dilute  solutions,  and  the  fourth  oell,  with  unplatinized 
electrodes  very  close  together,  was  used  for  measuring  the  oonduotivity  of  the 
water.    A  oorreotion  was  applied  for  the  oonduotivity  of  the  water. 

The  bridge  used  was  of  the  roller  tyre  desoribed  by  Kohlrausoh  and  Holb«r^ 
with  platinum  iridium  wire.    The  resistance  ooils  were  of  manganin  wire.  A 
small  induction  ooil  was  used  in  series  with  the  primary  to  furnish  an  alternat 
in,;  current.    The  results  obtained  are  «iven  in  the  following  tables.    K  equals 
the  conductance  of  the  solution,  K    the  specif io  oonduotanoe,  and  A  the 
equivalent  conductance.     The  formula  used  to  oaloulate  K  is: 
K   =  (i)K 

The  formula  used  to  oaloulate  lambda  (  A  )  is: 
A  =    1000  K  V 

is  the  dilution  and  equals  (^-),  the  reoiprooal  of  the  conoentration. 
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Temp.  Cono. 


Kenia.  of  sol. 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


0.50365  N 
0.50365  N 
0.25105  N 
0.25105  N 
0.10358  N 
0. 10358  N 
0.05053  N 
0.05053  N 
0.02547  N 
0.L2547  N 
0.01048  N 
0.01048  N 
0.005484N 
0.005484N 
0.002778N 
0.002778N 
0.001134N 
0.001124H 


495.52  ohms 

495.85  " 

826.50  ■ 

826.68  ■ 

1580.28  M 

1580.71  " 

399.25  " 

399.12  " 

664.23  " 

664.15  " 

1273.22  " 

1273.35  " 

2033.82  " 

2033.55  " 

335.00  ■ 

334.77  M 

648.10  ■ 

647.92  " 


Log.  of  (i) 


0.61034 


9.79393 
« 


8.79210 
■ 


K  (mhos  ) 


K  (mho«  ) 
oorreoted 
for  water 


mhos 


0 .008225 


0.004932 


0.008223  16.33 


0.004930  19.64 


0.002579        0.002577  24.88 


0.001559        0.001557  30.81 


0.0009368      0.0009348  36.69 


0.0004887      0.0004867  46.60 


0.0003059      0.0003039  54.41 


0.0001850      0.0001830  65.87 


0.00009561    0.00009362  83.30 
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Lo^.   of  (f") 

K  (rr.hos  ) 

Ten;  p. 

Cono  . 

Resis.  of 

sol . 

K  (mho  a  ) 

oorrpoted  /\(n.hoi 

for  water 

o 

0 

(J  .  5U3b5 

N 

O  O  O      o  c 

7o3. 85 



ohms 

0 ,61034 

• 

J 

0 

0.005202 

0.005301  10.32 

0 

0.50365 

N 

783.65 

•i 

ii 

0 

0 

(J.3D1UD 

N 

1331 ,97 

ii 

n 

0 

0  .003084 

0.003083  13.38 

0 

0.35105 

N 

1331.54 

N 

M 

0 

0 

N 

3539.44 

II 

ii 

0 

0.001605 

0.001b04  15.48 

0 

0.10358 

N 

3540.20 

II 

il 

0 

0 

>T 

o<do .  U(J 

U 

9.79393 

0 

0.0009939 

0.0009939  19.65 

0 

0.05053 

N 

626.10 

if 

ii 

0 

0 

a    n  o  rz.  a  n 

a 

1U  /'J. 03 

H 

n 

0 

0,0005813 

0.0005811  22.81 

0 

0.02547 

N 

1070.39 

M 

»l 

0 

0 

U,UlU4o 

N 

ciudo  .  ob 

tl 

II 

0 

0.0003055 

0.0003045  29.12 

0 

0.01048 

N 

2036.20 

It 

ii 

0 

0 

n  nnc.vi  q>i 

N 

oooU . 0 

II 

II 

o 

0,0001841 

0.0001831  33.38 

0 

0.005484 

N 

3379.6 

II 

1 

0 

0 

u , UU<2 f  'a 

Obd.UU 

U 

C)  nnoift 

o . /9<31U 

0 

0,0001103 

0.0001092  39;31 

0 

0.002778 

N 

561.89 

II 

II 

0 

0 

n  nm  i  OA 
U  ,  UU  11<44 

JN 

lUoU • Uo 

•I 

|| 

0 

O     f  ^  a  A  A  r  n  n 

0 ,00005738 

0,00005636  50.15 

0 

0.001124 

N 

1079.62 

II 

U 

WATiSK 

Temperature 

Resistance 

(ohms ) 

Log 

of  C^) 

K  (mhos  ) 

0 

25 

41065 

8.91434 

0 

0.00000199 

35 

41380 

H 

o 

0 

80909 

It 

0 

0.00000102 

0 

79856 

II 
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/  n  —  a 

With  this  data  corresponding  values  of  (  >f  )  and  {A  9.  )       were  oaioulated 
with  values  for  n  of  1.5,  1.4,  1.36  and  1.3.    The  values  were  plotted,  arid 
pretty  good  straight  lines  were  obtained  for  n  as  1.4  and  as  1«86«    The  beat 
straight  line  would  probably  have  resulted  with  n  equal  to  1.3b  but,  owing  to 
the  faot  that  the  value  for    Aoowas  in  the  neighborhood  of  five  hundred,  it 
was  considered  useless  to  y lot  any  further  values.     There  is  evidently  a  consid- 
erable oorreotion  of  some  kind,  possibly  a  hydrolysis  oorreotion,  which  must  be 
applied  before  satisfactory  results  oan  be  obtained. 


